Aims: The aim of this study was to explore the outcome of previous pregnancies in women who later developed diabetes. Method: A Swedish population based cohort of 23,524 women from 1990 aged 45 -85 yr in 2000 when they self reported health status in a questionnaire. To identify which women who delivered we matched it towards the Swedish Medical Birth Register (SMBR). We identified 14,856 women who appeared in both registers and a total of 30,559 new birth registrations. Among these women 216 had developed diabetes after their pregnancy (ies) and additional twelve women were reported to have gestational diabetes in SMBR. These 228 women and their 455 pregnancies were compared with women without diabetes. Results: Women who developed diabetes later in life were already heavier before the pregnancy (ies) (69.2 ± 13.9 vs. 63.2 ± 10.3 kg; p < 0.001) but had less weight gain during pregnancy (13.3 ± 5.4 vs. 14.1 ± 4.6 kg; p = 0.03) compared to women without diabetes. Newborns to women with diabetes diagnosed any time after pregnancy had higher birth weight (3602 vs. 3507 g; p < 0.001), were more often large for gestational age (10.5% vs. 3.1%; p < 0.001), were more often delivered by caesarean section (4.8% vs. 2.7%; p = 0.005) and had lower Apgar scores. Conclusion: Women who developed diabetes after pregnancy had hyperglycaemia-associated complications during their pregnancy (ies). We therefore postulated that women with Type 2 diabetes are mainly recruited from women with earlier GDM. A general screening for GDM should identify these women and enable life style intervention that may prevent or at least delay diabetes.
Introduction
During pregnancy there is an increased demand on the beta cells that can unmask incipient type 2 diabetes and be expressed as gestational diabetes (GDM), transient glucose intolerance during pregnancy. Later in life 3% -41% of the women with previous GDM will develop type 2 diabetes [1] [2] . The large variation in manifestation of type 2 diabetes following GDM in the different studies is partly due to different time of follow-up, difference in ethnicity, differences in diagnostic criteria and screening procedures. In a Danish study, two thirds of women with GDM had an abnormal glucose metabolism after long term follow-up and the risk for diabetes in the offspring was 8-fold [3] .
Hyperglycaemia, independent on whether the patient has Type 1, Type 2 or gestational diabetes, during pregnancy is a risk factor for both mother and child. For the mother there is an increased risk of pre-eclampsia, nephropathy, preterm labour, birth trauma and caesarean section and for the infant risk of malformations, macrosomia, shoulder dystocia, postnatal hypoglycaemia and stillbirth [4] [5] .
After 1995 all pregnant women in our region are screened by Oral Glucose Tolerance Test (OGTT) with 75 g glucose, using 2-h capillary-P-Glucose of 10.0 mmol/L (180 mg/dL) as cut off level. The reported frequency of GDM is 1.2% -1.9% [6] [7] . With 2-h capillary-P-glucose value 8.6 -10.0 mmol/L (155 -180 mg/dL), there is also an increased risk of caesarean section and macrosomia [6] [8] . The lower limit of 8.5 mmol/l has been applied in the GDM criteria stated by International Association of Diabetes in Pregnancy Study Groups (IADPSG), due to experienced adverse effects seen at these glucose levels [9] .
There is a strong association between the degree of hyperglycaemia and the risk of infants who are large for gestational age (LGA) and/or caesarean section [10] - [12] . Studies have shown a reduced perinatal morbidity and mortality if GDM is treated towards glucose levels below cut-off point for diabetes [13] . Intervention also of mild hyperglycaemia during pregnancy reduces birth weight of the infants, frequency of LGA-births and macrosomic births and caesarean sections [14] . A metaanalysis concluded that treatment of GDM lowered the risk of perinatal complications, such as shoulder dystocia and pre-eclampsia and reduced risk of giving birth to LGAinfants [15] .
There is still no consensus for screening procedure to detect diabetes among pregnant women [16] . Nor is there a common agreement for which cut off level to define GDM [17] . In Sweden only a few regions have performed OGTT screening during the last ten years and still many regions do not have a general screening programme. Therefore the overall reported frequency of gestational diabetes in The Swedish Medical Birth Register (SMBR) has been and still is very low.
Our assumption is that many women with GDM or IGT (Impaired Glucose Tolerance) have remained undetected during pregnancy and a large proportion of these women will develop diabetes later in life. The aim of this study was to assess if women, who later in life were diagnosed with diabetes, had hyperglycaemia associated complications during their previous pregnancies and deliveries.
Methods
Women (n = 23,524) in the ages 45 -85 yr, gathered as a population based cohort in Southern Sweden, to study risk factors for malignant melanoma [18] , filled a questionnaires in 2000 with information regarding social status, previous illnesses, medication, life habits, diseases and medication. Of these women 808 (3.4%) declared that they had diabetes mellitus. The data file was matched towards the Swedish Medical Birth Register (SMBR), we recovered 14,856 women who occurred in both registers and these women had 30,559 deliveries registered in SMBR. SMBR started in 1973, includes approximately 100,000 births per year in Sweden and the dropout rate in this register is only 0.5% -3%. The register contains data concerning maternal characteristics during pregnancy, delivery and postnatal data regarding the infant. In SMBR diabetes could be registred as "gestational diabetes" or as "diabetes as a concomitant disease". This enabled us to retrospectively study the pregnancies and deliveries in relation to if the women had diabetes during pregnancy, developed diabetes later in life or did not develop diabetes during observation time.
The 14,583 women were divided into three different groups: In the first group of women who had "concomitant diabetes" (not gestational diabetes) registered during pregnancy and also had diabetes at the follow up questionnaire were regarded to have Type 1 diabetes (n = 45). These women gave birth to 81 newborns registred in SMBR. In the second group we included women who reported diabetes in the follow-up questionnaire in the cohort study and did not had diabetes as a concomitant disease in SMBR (n = 216). These women were regarded to have Type 2 diabetes. Women who were registered in SMBR to have GDM during any of their pregnancies (n = 12) were also included in this group. This group therefore includes women both with GDM and/or later onset Type 2 diabetes (n = 228). All 455 registered pregnacies belonging to these women are considered to be newborns to women with GDM/Type 2 diabetes. In the last group we included women without diabetes reported at any time (n = 14,583). The number of registered deliveries in these women was 30,023.
The median follow-up time after pregnancy was 16 years (range 0 -27 years). From the SMBR we collected information regarding, maternal weight at first visit during pregnancy, weight-gain during pregnancy (registered in SMBR 1982-1989 and thereafter as a calculated value from weight at delivery minus weight at the beginning of pregnancy), smoking habits, vaginal or instrumental delivery, postnatal complications (death, malformations, resuscitation), birth weight of the infant and Apgar score at 1, 5 and 10 minutes. The Apgar score was rating skin colour, pulse rate, irritability, muscle tone and breathing. Maximum score was 10 and a low Apgar score indicated that the neonate needed medical attention. The frequency of reported Apgar scores was high for 1 and 5 minutes (98.5% and 91.0% respectively) but for 10 minutes only reported in 60.1% of the cases.
The infants were characterized as macrosomic if they had a birth weight ≥4500 g, while LGA was retrieved from data reported to the SMBR.
The study was approved by the Ethical Board at Lund University and done in accordance to the recommendation of the Declaration of Helsinki.
Statistical analyses were performed using the SPSS version 17.0 statistical software for PC, (SPSS Inc., Chicago, Illinois). Mean and standard deviations are reported for continuous variables such as weight, weight gain, BMI and birth weight of the infant. Median and range are reported for non-parametric variables such as gestational age and Apgar score. Frequencies in percent are reported for categorical variables such as smoking, caesarean section and instrumental delivery. For comparison between the different groups, Student t-test (age, weight, weight gain, BMI, weight of the infant) and Mann Whitney U-test (gestational week, Apgar score) were used. For comparison of frequencies (caesarean section, LGA, malformations and early infant death) Chi 2 test was performed. For calculation of correlation between weight and weight gain, Pearson's correlation (bivariate) was used. p-values < 0.05 were considered significant. Multivariate risk factor analyses for low Apgar score, Caesarean section and macrosomia were done using a binary logistic regression in different models including possible risk factors as diabetes, weight of the mother, weight gain during pregnancy, age of the mother and gestational length and smoking in different models.
Results
The reported frequency of diabetes as a concomitant disease among the women was 0.3% (45/14,583), the frequency of reported GDM among all pregnancies was 0.04% (12/30,599), the frequency of self reported diabetes of both Type 1 and Type 2 in the ages 45 -85 yr was 1.8% (261/14,583) and later onset diabetes had a frequency of 1.5% (216/14,583).
Women with Type 1 diabetes (n = 45), GDM/Type 2 diabetes (n = 228) and no diabetes (n = 14,583) did not differ regarding age at the first pregnancy. The women with Type 1 diabetes had lower parity, but there was no significant difference in parity between women with GDM/Type 2 diabetes and women without diabetes. There was no significant difference in the number of smokers in the different groups ( Table 1) .
Weight gain with a corresponding weight at beginning of pregnancy was found in 10,130 pregnancies (33%). Regarding the weight of the mothers, we observed significant higher pre-pregnancy weight and BMI among the women with GDM/Type 2 diabetes compared to the women without diabetes. We also observed a significantly lower weight gain during pregnancy in the group of women with GDM/Type 2 diabetes ( Table 2 ). The weight gain was inversely correlated to the pre-pregnancy weight in this group of women (r = −0.34; p < 0.001). For the other two groups the weight gain was independent of the prepregnancy weight of the mother. The median gestational age in weeks differed significantly. The women with GDM/Type 2 diabetes had a shorter gestational length than women without diabetes (39.9; quartile 38.6 -41.0 weeks vs. 40.1; quartile 39.1 -41.1; p = 0.001). Despite the shorter gestational length the mean weight of the infants of the mothers with GDM/Type 2 diabetes was significantly higher than the infants of the mothers without diabetes (3602 g ± 680 g vs. 3507 g ± 579 g; p = 0.001). The mean weight of the infants of women with Type 1 diabetes (3541 ± 720 g; p = ns) did not significantly differ from the infants of the mothers without diabetes. The total number of registered LGA-infants in our study was n = 956 (3%) while the number of macrosomic infants, by our definition was 5584 (18.3%). The frequencies of LGA and macrosomic infants were both significantly higher in the group of women with GDM/Type 2 diabetes (Figure 1, Table 1 ).
The frequency of caesarean section was significantly higher both in women with Type 1 diabetes and women with GDM/Type 2 diabetes compared to women without diabetes. There was no difference in the number of vacuum extractions (VE) or forceps-deliveries ( Table 1) .
The median Apgar scores at 1, 5 and 10 minutes were significantly lower in GDM/Type 2 diabetes deliveries compared to deliveries without diabetes (p = 0.001, p = 0.002 and p = 0.001, respectively). Only 84.6% of the infants of the women with GDM/Type 2 diabetes had Apgar score of 10 after 10 minutes, compared to 90.7% in the non-diabetes group (Figure 2) .
There was no detectable difference in frequency of malformations in the infants in the different groups, since it was 6.2% (n = 5) for Type 1 diabetes, 6.4% (n = 29) for GDM/Type 2 diabetes and 5.1% (n = 1530) in pregnancies in women without diabetes (p = ns). There was also no difference between the frequencies of early infant deaths (before 28 days of age) between the different groups (1.2%, 0.9% and 0.4% respectively; p = ns).
Discussion
Women diagnosed with diabetes after pregnancy, differed already during these pregnancies in several parameters. The mothers were heavier, gained less weight during pregnancy, had more complications during delivery Figure 1 . The frequency of newborns who were large for gestational age (LGA) born to women with concomitant Type 1 diabetes (n = 81) was 16% which was higher than the frequency in newborns to women reported to have gestational diabetes mellitus (GDM) or later in life developed Type 2 diabetes (n = 440; p < 0.001) where is was 10.5%. Both groups had significantly higher frequencies of LGA compared to women without diabetes (n = 29,234; p < 0.001) who had 3.1% LGA. The distribution of Apgar score into four groups (10, 9, 8 and <7) after 1, 5 and 10 minutes, in newborns to women with reported gestational diabetes mellitus (GDM) during pregnancy or later in life developed diabetes compared to newborns to women with no diabetes ever reported, showed for all time points measured lower scores for newborns to women with diabetes (p < 0.001, p < 0.002 and p < 0.001).
and were more often delivered by caesarean section compared to women who did not develop diabetes later in life. Their newborns were heavier despite a shorter gestational length and had significantly lower Apgar scores.
In this retrospective study of a large cohort of women from southern Sweden we noticed that the reported frequency of concomitant diabetes during pregnancy was (n = 45; 0.3%) which is a frequency that corresponds to the expected frequency of Type 1 diabetes in the female population in these ages in Sweden. The reported frequency of 0.04% GDM pregnancies was however much lower than the expected number of 367 -580 based on a frequency of 1.2% -1.9% GDM pregnancies obtained at our hospital after 1995 when general screening with OGTT was initiated [6] [7] . With a parity of two children/mothers the expected number of women with GDM would be about 180 -290. A follow up study in Denmark, has shown an incidence of abnormal glucose tolerance in about 70% of women with previous GDM seven years after pregnancy [3] . In our region 31% of the women had an abnormal glucose metabolism one year after delivery [1] . It is therefore reasonable to assume that a majority of the 216 women in our cohort who developed Type 2 diabetes during the long follow-up time of median 16 years after pregnancy have had a previous undiagnosed GDM. The major weakness of our study is that we do not have any p-glucose value taken from these women to confirm a previous GDM diagnosis. The strength of the study is that these women were unaware of any hyperglycemia and therefore not object for any intervention that could give a bias to the study. The design of this study therefore enables us to retrospectively study the natural course and outcome of these pregnancies with a presumed disturbance in glucose metabolism.
Women reported to have concomitant diabetes and assumed to have Type 1 diabetes, had as lower parity and significant higher body weight than women without diabetes but lower than those with GDM or later Type 2 diabetes. They had shorter gestational length, were more often delivered by Caesarean section but there were no difference regarding birth weight.
Women in our study with GDM or later Type 2 diabetes, had a higher prepregnancy BMI that was correlated to the birth weight of the infants and in agreement with studies showing that high maternal BMI caused a high infant birth weight [19] [20] . However, the lower weight gain of the mother ( Table 1 ) was opposite to the findings in a Swedish study showing that a low pregnancy weight gain reduces the risk of giving birth to a LGA-infant irrespective of prepregnancy BMI, but this was shown in a population without diabetes [21] . A study in Sweden found that women with untreated IGT during pregnancy had more LGA infants [22] . A similar frequency of LGA-births as we found were found in women treated for GDM supporting the assumption that many of these women who later developed Type 2 diabetes in our study have had undiagnosed GDM [23] . Differences in gestational length could not explain the higher weight of the infants, since gestational length among these women in our study was significantly shorter compared to women without diabetes ( Table 1) .
In multivariate analyses, GDM or later diagnosis of Type 2 diabetes was a risk factor associated with macrosomia, Caesarean section as well as low Apgar scores. In the group of women with GDM or later Type 2 diabetes, only 12/228 (4%) had GDM reported and it is therefore unlikely to believe that the observed shorter gestational length or increased frequency of Caesarean section were results of active intervention. The higher frequency of caesarean section among the women with later Type 2 diabetes may be due to larger infants or preeclampsia, which both are known complications associated with GDM. However, in the regression analysis including the whole population studied, it was low more than high birth weight that was associated with a higher frequency of caesarean section ( Table 2) . The regression analysis, therefore only showed small but significant increased risk of caesarean section in the women who later developed diabetes ( Table 2 , Model III). Regression analysis is not the best method to estimate the negative influence of GDM on pregnancy outcome due to the relatively low frequency of GDM compared to prematurity for other reasons. Prematurity is associated with low birth weight and GDM with high which create an U-shaped risk curve for birth weight. Treatment of hyperglycaemia during pregnancy does not always reduce the risk of caesarean section [13] . The highest frequency of caesarean section was found in women assumed to have Type 1 diabetes. Their gestational length was in average one week shorter indicating that some of these pregnancies were terminated by a Caesarean section probably since Type 1 diabetes in the mother was a known complicating factor.
Apgar scores are used as an indicator of the well being of the newborn. The Apgar scores of the infants were lower among the women with GDM or later Type 2 diabetes compared to women without diabetes. In the multivariate analysis calculating risk for low Apgar scores in the whole cohort, prepregnancy weight of the mother, GDM or later Type 2 diabetes, low birth weight and short gestational length were significant risk factors at 5 min but for low Apgar at 10 min only low birth weight and short gestational length remained ( Table 3) . This indicates that prematurity of any reason in general is the dominating condition behind sustained low Apgar score. In addition to the delivery complications caused by hyperglycemia there are also an increasing focus on long term complications due to GDM. The development of Type 2 diabetes later in life is the main threat to the women with previous GDM pregnancies. Despite the known high risk in this group, a recent study showed that many women still do not have any follow up after a pregnancy with GDM [24] [25] . For the offspring there is a substantial risk for obesity starting already before puberty [26] - [28] . The mechanism behind the transfer of the metabolic syndrome from mother to child is unclear. The impact of hyperglycemia in utero has been claimed [28] . We have found that siblings born after a non-diabetes pregnancy have the same risk for obesity as siblings born after a GDM pregnancy, supporting life style influence [26] . Results from several recent life style intervention studies in women with GDM pregnancies showed promising results [29] [30] . It is therefore of importance to identify these women early in life to promote a healthy life style program.
In conclusion, we assume that a majority of women developing diabetes later in life had previous outcomes of pregnancies that could be due to disturbed glucose metabolism. Hyperglycaemia during pregnancy should be treated for better delivery outcome and with the intention to reduce the future risk for diabetes and obesity both in the women and in their children.
